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(57) Abstract: A method for producing 
an oxide superconducting wire material 
which has steps (SI to S2) of making 
a wire material having a form in which 
a raw material powder of an oxide 
superconducting material is covered 
with a metal (3) and heat treatment steps 
(S4, S6) of subjecting the resulting wire 
material to a heat treatment in a high 
pressure atmosphere exhibiting a total 
pressure of 1 MPa or more and less than 
50 MPa in the heat treatment, wherein 
in the temperature rise prior to the heat 
treatment in the heat treatment steps 
(S4, S6), a pressuring operation is started 
at the temperature from which the 0.2 
% offset yield strength of the metal (3) 
becomes less than the total pressure in the 
heat treatment The above method allows 
the formation of interstices between 
crystals of the oxide superconducting 
material and the inflation of the oxide 
superconducting wire material to be 
inhibited and also allows the easy control 
of the partial pressure of oxygen during 
the heat treatment, which results in 
the improvement of the critical current 
density of the resultant wire material. 
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Z.Z>Z.btz£<ommftJ£&0. 003MPa^±0. 02MPa^TMJ^i-§^g^fc§ o 

m<D&mnm<DM.mkmm\z.o. 2Mje(o. o2MPa)<£>w</i^^L-^ 

•So 

[00823 nis©^^jBEftij#tt, ^frtibmmmmk^-f-ztizztxntefrftZo 

fcfc*.f*s ±EE;*Ji&*50MPa©fc#fctt, 0. 005MPa«Mt#J±^MS£fT&5 
*§£\ m^^«0. 01%^S 0 Lfc/5So-C, 0. 01%<7)i6^»^Sra!l^b-C, 

[0083] &33, ^ito^-Cte, **^J;tm*^TJpjE#H*C3flS«l^**t-CV^*& 

[0084] mM<D : mm2) 

b^x\m^mmmmmn(DmnmnM^mx^mvt^mi:m'r^mm^ 

tVTjs— /VflSftl _hiE£>/£ ;fr$&|g (lMPa^±50MPa7fe^§) "C^^tS 

[0085] B8tt, tV^-^ofe6^b^«^^««^iS^^^^^^^®rE^ 
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[0086] m9Ate, Mm^m^x^mmtmjinmm^n^^—^^^tmm 

H9B(D^S^^#fL ^:BE^20MPa, $^f#/£0. 008MPa, #H^^8 

25°c, mmmmmommx»foz> 0 
[oo87] ni9A^#^bT, ^*-;v<Dt£^mmmnmmttte, m^mm^^^xm^ 

^^0. 006mm— 0. 01mmM^b-CV^ o ^tU±> ^:ff^20MPa(7)APH#IS^ 
[0088] — 09B^#^b-C, tV*-/l^&£l^fc%®B^iiMTO, fl»S^*5V * 

£xfmimmnmmu<DBft(D&i&&+ft\m±&tix\<^\ $.t^ mw^w 

[0089] iU_h^£^ tV*-/W5^v^|:tt, ±fSC0ffi^|5ia(lMPa^±50MPa* 

m&ta^ ^mfD&ttm.mxmmmi-^tc^xa^m^mM^^^m^ 

[0090] ^la^jo^^PH^fflM^-etD^S^^oV^Tfi, lMPaW_L£l>2*#&^ 

o 

[0091] U0>U /w&ZMtfn. ±n&<DMJ£^m^X<Dmf&M&l7t£frtiXh 
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[oo92] Ei8>ir#MUT, ^m^mitmmmmi^y^^h2^mm-r^^ 

o 

[0093] *©#jfei!l*5V >Ttt> 101 (Dm&M (X^yZfS4) *3 £1*2® g COift^S O*?^ 
yS6)^^<^V^i a ^^^^SXa^ltSI^^®M<^#^(^ > 0. 05M 

T*«5J:5fc(JEE*Sriiimi-«J:5t!i)ft"J«l*ti6o 

[0094] mioit, &mw<DMM<Dj&m2K&tfzi&mmjLm<Dum&£tfj£Z)b. mmt 

[0095] mio^mvx, #H^^^f^x.^7oot:wT^> 
#^{cfi, ufc<vwnxm^Kvtcfr<>xm^fcj£titimto£tiz> 0 ^l-c, # 

So 

[0096] ^t, #jk$b^#£>w:, tfv*— ;\s<D&&mt%i&w^im**iN&m-m^x 

0. 05MPa/min*j«f-C*>SifcS:^mbfco tfc^ot, m^MM^mMK^ 
X, 0. 05MPa/min^±(D^^#ffim^^i±^^5itJpb^ttSJ;5^$IJ^I-rS 
f^t«!.3®^<Z> *m^FJC*5V ^-C«fe«-F*3*fl5«t «9 1 fe»^BH^<OiE^3 Srifi5<'»*>^^Sr. 

[0097] H»iMS^^^V>T?U^{*fc^^{^830 0 C(c:^tLSo — ;6"T?#ffl^<E>)£ 
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HlO^&V^m, 30MPa@^«i±^^if m^X^^ 0 ^^<t«9, m&mmz 

1 2 

o 

[0098] z<d&, ^^mmM.<om^\a^ ^(d^m^u^^^x, nm^u 

[0099] mfamm(D&mmz&\,^xmttft&<Dj£ti£V)h^wn.<Dj£ 
t)t>m<te%<7>x\ mmzMLxf£m-rz>tj%tojiz>z.kftx£z> 0 ^tc, 

#6o m^m.m(Dm^^^M-u0K^^xmM^mti(D^^m 

i&T%$)Mmmik-tZ>Z.kfrXZZ> 0 
[0100] (iM<£>^«l3) 

mm*<DmRmm%m%-mfo±^z^kftx%z>^tz&mi,tc 0 
[oioi] ^(D^m^^^x^ m2fcm^imB<Dmf&m(x^y7s4)&£Tf2\E}n(Dm 

fc, #H^<D?M^400°CJ^±, fr^<n600°C&±bte^Xfrbmj£&M1&£th 
5„ £fc, #£lXteO. 05MPa/mini^_h. £fb^£?;£lXfiO. lMPa/min^_h<Z> 

[0102] 01 lte, ;fc^l!l§<7>|£;!te<7)M3^:ibW 
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[0103] 011&#flat/t\ #IS^(D^^820 c C*-t?^^^C±#$4^TV^2) o #fflM© 

TV^So -tUT, ^H^©mS^600 t Ct'feo-C>6^Aqff^M^tt, &}0. IMPa/ 
min^PJ3E^ST^25MPa*T^Pii$n6o ft*3 % m^5»±«0. 003MPa^_bO 

[oio4] mi2{i > jpff^M^-t-^ms^^c^^pMS^^^^^M^^ 

[0105] HI12^#^LT > #KM<^^^30 o C(7)^t/{»>^PflE^W^b^'a-, *P/±5S^ 

o. osMPa/mina-b-e^b^sw^^^^^^b mitmmmmm <Dm^& 

{»93%-96%^oTV>6o — ^\ #H^O^^400 0 Ci^oT^^Pj±§rP 
#fbfc#£\ *PJEM0. 05MPa/min^±^«®m^ft:^^Vh<D:^ 
^Ste:fc«95%.l^_Li&o-Cl^o #fflM^?M^600 < Ci^oT75^*P 
^m^tM'k. #PJ£S£S0. OSMPa/minWi^^SW^ft^^^h 
0^^te&cfc^97%^i:£^T:fc^ #PJ£5£jgO. lMPa/min^±-e^b 

%mi£Ltcm&(DmjT<Dm&T\ #PHii§S0. 15MPa/min^Ji-e^ft:^@«2ir 
i$7jy?i>'h<Dm%£&Mfe&£^99%M-t.tt£^X\,^ 0 ^X\ 0. 05MPa/min 
^±(D^PJE3iS-e^^^^pS]±-rS^(*, ^P/EbTV^^^tV*-/^^ 
Wrt^^ftA-r^iS^fi^JO. 05MPa/ / min7fe^T?fe l 9> AiS^J^k^ 

&4oox;£i±, &^<te6oov&±b%:^xfrbi]iij±%mi&-tz>k, m^mmM 

05MPa/minJ^_L, ^ibM^lXteO. lMPa/min^i^S^ ^Kb^tt^ 
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[0106] mi3^m(Do. 2%ii»^©iasft#ttSr^-rBi"efe5o 

[0107] H113^#^LT, ^CDO. 2%»^Jtt, #i^OfiS^g^-efe5MW4l)370 

^3S400 e C£&5£0. 2%W^«^J50MPa^*T^Tb, #B^cD?aig^600 o C£ 
ft3£0. 2%W^J«^25MPa^-e<g;TUTV^ 0 n(D«t9^, #K^<£>?@J?a540 
0°C^^^«±|S^PJ£#ffl^O^:J£^ (lMPa£*±50MPa*$5) fcPJSflffc 
%-X*m<DO. 2%»^1&TbTl^ 0 #B^c7)^^600 o C<D^f£{±_t!E 
OAPi±#IS^CD^:/dE^ (lMPaJ^_h50MPa^#!) <^>2^1^S^*t?^0. 2% 

4j^Y(nmifem8&fa±jr%^k&T&Z>o fc*5, mi3^-T0. 2%I^f*,jis( 

Japan Industrial Standard) KMfeZ flit. 31 IBWftSrESl. 5mm©^iil^L 
[0108] |2I12^^ttS^b^j@«^7>f7^Vh©^^Stt^T©^^*?)» 

;wa- tvm&t ( p =0 • 789 (g/cm 3 ) SrffiV ^TBMb'ftjBWIMIlWWffSI CV (cm 3 ) ) 

[0109] F=M-W •••(!) 

t t 

V=F/p •••(2) 

t t 

ffc^X* ^fc4^«^$IW£5i^-?^?U ^(D^^^ICP (Inductive Coupled 
Plasma) &yt&tirtZ>Zkfr&9&&fe&l^ IMfcttifi**liW©**fc 
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■7^fy^hUt(Dmm(M ( s ))t. (M (g))oliWT®^(3) 

f s 

[0110] M =M XY •••(3) 

s t 

M =M— M •••(4) 

f t s 

fc^i^-XftHDi&imV (cm 3 ))^HE*D«>«Jtfi(10. 5(g/cm 3 )) ^Utti^ 

s 

[0111] V=M/10. 5 •••(5) 

S S 

V=V-V "'(Q) 

f t s 

p =M/V •••(?) 
f f f 

— il^iStI^7^7^^hOS^Stt, 6. 35g/cm 3 £:V>5iitD&S&JB£ 

it^EDX (energy dispersive X-ray spectroscopy) J: Dg^b^Hflt^ffc:^ 

7^h4 3 ^Bi2223t@Ojp§l^lt^||ffi£;fr5 0 ^LT, X*ft|fil3rlfcK:,fc0Bi2223tB 

[0112] ^^(D^^iD^fe^ttfc^^MW^^^^^h^Si^t:^^^ 

[0113] tt3Bf*A(%) = (p /6. 35) X 100 •••(8) 

f 

[0114] mi^mm^x, m95%ur<Dm^mm<Dmimmmmmu(Dm^mmiMn8 
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[0115] ^±cDE112*5cJ;^llll4^-r^^^, ^mn.<D!M.m&400°CU±s £?3;L<te 
600°C^_L£&o-0^ £?*L<teO. 05MPa/min.g;±. £<b^£?*b<{3:0. 1M 

[oii6] ^^<D^s^^tt5^b^@««IIW^Mit^^^J;tL^, ^MSut^nff 
[0117] ±mm^m^^^x^^<n. i^iigi^(t^lfeitfi©#ia^iat 

[0118] ^friU:^ mfa&^<VtoJ£^mU<D£J£t>(D2ft<DlMmfc-£Xi'~- *M<D0. 2 

^^x^-^n^-m&mv^-r<^o s^^m*^*^^ 

[0119] ±|H§^g;fr&{C3o^T£?£L<te\ 1)\]f±<DmmnO. OSMPa/min^J^fc^ £ 

[0120] m4mmmmfcy47^h(Dmffi®m*~mfa±^z>z.ttfx%, m 

[0121] ^t$?^u<«, ift^sixatt^m^H^^T^^^tt, a>o 

, mMfr&nO. 003MPai^_L0. 02MPa^T-t*fc5 o 
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[0122] ^uc£9> ^vttmtmmmmm^^tu mftnmmm*fa±£&z>z.k& 
*mktez 0 mmfrB&o. 02MPa%Mz.z>bmnfr$n&u o. oo3MPa* 

[0123] mm<Di&ni— steaswrrau m2^i-iiu @ ©i^sc^x/s^&j; 

[0124] ^fc, Hm^^l^3^*5V^{*, v— ^^J:i9^5^b^®«^ll^, 
«^*t^^oV^-Ciiffl pTfg-efo6o MS^^^lMPaW 

±50MPa*^T*fe5inffi#iSM'pxm^^ ; ff^^tL, i^sx^&u-^iffc 

M3Sfu»#m^K:f3:, '>&<^:&JSO0. 2%Witl^MMW(D±J±tl (lMPaJ^ 
X50MPa*^) J:«9^/J^^<^l.S/5^PiE^IB^tb5o r*Ui:£t9, ^M^O. 2 
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[0125] mM(D^m4) 

htix^^o z<DBi%k<DmimMmmmtm, mwmmumxv&m^mx&v 
, itm^)^^mnmm.^m^^t^x^o ^(DBm<Dm^mmmmmu 

c 

[0126] ^-c\ mM<D^ni-z<n^mz.^T<D^fe*n^fr'&z>^ 
tfcxv^ 20KU&<Dm^^n^Bimm^^^BU(D^m,^^\^± 
•r^b^x^^b^\^vk. 0 ur, t(Dm^^xmm-t^ 0 

[0127] z&^mz^^xn, Ei2^-riiu s (D^^a(^^s4)*5ii>*2iu g 

[0128] mi5«, ^m<Dmm(Dmm4^n^m^mm^r^—^n^m^(Dum 

[0129] E115^#^b-C, #H^<D?M^820°C, ±!£t>^25MPa(D^mxmitmmm 

kh^m&^tix^^o 

[0130] *m&W%bfe, ±&T~—fr(D%i%z$:WMrrZ>-k.#>\^ SXT<DM&&fttei1t 

o 

[0131] f^MSXa(-*3V >T7-- /is&ff te<>fcW&kT fttet>*& ^&k\Z.$5 
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c 

c 

c 

[0132] [^2] 
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[0133] ^2S:#^bT > /W&fT&fcwfcV ^^^22X^0 Bg#««tf^;W<£>¥ 

Ztl^tll. 6, 1. 7, 1. 5fcfcoTV>5. — T~—/\'&?fi1tm&<D22 

K-e©sswiL«aEffl[©iBJo*©¥*sffl[tt, %tiseti2. u 1. 9, 2^0-cv^o Lfc 

[0134] S^T, ^^tf#ISM^T^^300 o CJ^_b600 o C^T»^-er^-^ 
[0135] £i\ 61^^o#S«3gT% fl^&iMXjdS(ig4. 2mm, ff£0. 24mmT\ «Jfc 

c 

K*5j;T^20K-e^=S-ei#«^ttl ir^3^WT^-r o 

c 

[0136] «efflb7b»«-ripi— oyh*»e>awiu ^^^^Mm^^ra^^i- 
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c 

=i /mmmmmm) Kitm-rzo 

c c 
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[0138] m3<D^mM. mm^m^X*300X;U±600'X:£XT<DUmx*T~~/i'Z?fti: 

c c 
c 

, m^nrnm mwmmmmj)^mMm^±^<^<>x^^t^^ 0 

c c 

[0139] /^£tT&5iiu£> 500 0 C(DWLmXT=-~-/^&ftte^tc'&b<DM4kyom 

c 

[0140] miecD^jpy: 1 ^ 2oks^^T^^EI#«Mi te, r^-/^o^©^^r 

c 

[0141] ^m^^^^k^sffi^nw^M^fe^^v^T, mitmmmmmmBi 
[0142] ^mtkcommK^^x^ 02^-riin §^^(^^34)^^2 

JMSEtt^WftSteOffi* «»*tb^iMI^««2|fjlft*t 02 
[0143] (0£J£<D?£fi5) 
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[0144] mi7«:, yjxbfa<DWtfomnMmw<omj&*w&toittirtoftwrmimm 

xmmm^mtix^^o ^(Dy^^bm^mt^mmmmfia^m^m^-o^x 
[0145] mi8fc, y^hB(Dmimmmmmu<Dmmjim^-rmx^ 0 miszmm 

tz.bx.\-iW0t°y^tf&* 500mm, 100mm, 50mm, lOmmlCte&XoKMtt^W: 

m&%m*mm<Dj&Mi<DmikXfetm£mmxibz>(DX\ zKomm-trnm-rz* 

[0146] 3^m^£«&T»£5£v^m£WUCV^ 0 

[0147] *M&w#hn, ±n&®^%mmtttcMz.n%i&ftte^ 0 #c^, ^um^ 

[0148] Bi O , PbO, SrCO , CaCO , :fc£t/CuO£^-CBi:Pb:Sr:Ca:Cu=l. 82: 

2 3 3 3 

0. 33:1. 92:2. 01:3. 02^m^it^*^Sbfc o r<7>^£750°C(D^ 

-eioBtra^au ^^sooroM-es^^Hft^Sbfco -^co^l MStcj; 

^^^^ivi^u/c(^^si) 0 mm*%mj-zM;<^K^xwm 

6mm, ft'mimm<D^/U^KWk&l,tc&ys"Slb) 0 ifcK, ISiC^^^M 



WO 2005/022563 



29 



T/JP2004/011133 



&j&£20mm, 15mm, 10mm, 5miii(Dm v )^y^Xm ] 0MT.l,fc(^yy°S2a) o 
Z:(D&, 12feJEJ£(^s/^S3)Sr^fJfcV\ J¥£0. 26mm, 113. 7mm, g£l00mtf) 

m^8%(D^m^x'3omm^^mvtc{^y-^s4) 0 2^j£m(^y L yy°s5) 

, ^ff^j25Mp a> mm^B8M>a<Dmmn,x50^m^mvtc^^s6) o 2 
hi asiMaac^s'^se) ^*3ttsi^MaH&<^#?i.^^{*> m^zf(Do. 2%mt> 

[0149] — ft, |118^^^-t5^^^Sl-5cDX@^±|E^llIC^#T• ; ^T^V^, 2E 

miJtttfcMl^-ovvr, ttHL*«6*5ESra03tb, 3§£LfdlSm^f^fco 

m> Jttfe^Jl<DBa#®^^^2. OkA/cm 2 -e*>ofc<Z>l:i*tU S*|SHtf>ffi!MK?fE 

«fc£tt2. 6kA/cm 2 £&>9, J&l. 3Hi(S]±tfc. £fc, J£«fl|lttl00mM§fc»>30 

[0150] *3&93<0»3S;£ifcWu fc^x.(»^O^k^^«^H*t^M5t^tt^ 

[0151] ei20fcju ^^<D^b^^«#^(D«^m^^^^-r^5>if®^mEi-efcs 

[0152] ^©^©iWl^«««»*tibtt, H2^^-BWk*«fl*»«'©«3fi^«fe«> 

1&EE$E (*XS>:/S3) *3j:t^22feJEJ£ (*7^S5) &ftftt>t£\ f ^blZ&<oX 
^5t$tL5 0 w^^(7)K^^^IIJg(D^fiilOiSl^fe^(S^IW]^T^ 
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[0153] %m<Dm4kwm.mmmm*s ^mm^\m.x^b\^^^x^^ 0 *m 

o 

[0154] (MMfD^me) 

x?xte<9, mitmmmmBUi^-y^xh^m^-<DM^m^^ ^-c^ut 

xm^mm-rzztfrxzzo 
[0155] m2m, ±y^y^mm^^mitmmmmm^<Dm^m^m^'rmm 

^xm.m<mmmmmmc(Dm^um^^^x0m^m^b^'\^m^^ 

[0156] ni22^^-rj;5(^ mtm®tt&j&u mnnmm^^^y^25^ 
Mtit-rzo mc. mmmumm^b^m^x. jEmvtc^^mm^x^x^yv 

25©Jl^tiL, m23Kfjk-f£?tZ > VyY2tt^Wf^7^V? 1 ®MM2\^ 
~f&-t : 7^yy'&mwF22$:ftm-tZ>o HkK, [H24^-rJ;5i-, It^Wt??^^ 
Mn>yK22^>-^§B3c(^^-r6o ^*U-<fc^ mMPcm^^UbVX^m.^ 

m**^7^?xmt\^tt^v?WB.vyv*&m 
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[0157] ±7^y?mmmtt-rz>mk®mnmmm*. ^mm^mmx^t^o^ 
[oi58] ±.m$h%:*mm~fz>fM^ ^mmmm^m^^m^^x 

[0159] (iioii7) 

[0160] IH26te, ^P^(D^0^^7^*3tt^^b^®«^W^^5tX@^-rill 

[0161] 20 @ (Dff^S (*7^jy^S6) ffJ<£>£§i#«U 2HI g Oft^S (^X5/^S6) ^(D^J5fc 

mmaMf<Dffimdmx.bn&<Dx\ v^yT^yvTth&m^xfcm&titim 
immmmmttv^Mz. mitmmmmmm^^tc^xm^titc^^t 

t Sffifiw^b^IW ^it-r 5r t &x%z 0 

[0162] — !7^>'KT^KyT^h« > 2E S ^m^S (^5/^S6) tf^^WdKtfl^ 
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